As the environment becomes increasingly altered by human development, the importance of 17 understanding the ways in which wildlife interact with modified landscapes is becoming clear. 18
positively related to human population at a regional scale due, for instance, to an enhanced spatial 42 heterogeneity between rural and urban environments, and the introduction of exotic species 43 (McKinney 2002; Sax and Gaines 2003) . The influence of these modifications depends on both 44 the scale and the organisms involved (Barbosa et al. 2010) . 45
Even within the most densely populated and intensively used areas, including urban landscapes, 46 humans rarely utilise all land, and tend to retain significant green or unused areas. These "green 47 spaces" hold ecological potential, and can reduce biodiversity loss by managing habitats to support 48 In this study, we firstly aimed to estimate the population density of servals at the Secunda Synfuels 69
Operations plant, an industrial site in Mpumalanga province, South Africa, that includes a natural 70 wetland within its boundaries (Fig. 1 ). We also aimed to assess the structure of this serval 71 population, in order to make inferences about population dynamics. The Secunda Synfuels Operations plant (hereafter referred to as Secunda) is a division of Sasol 85 South Africa (PTY) Ltd, and is located in Secunda, Mpumalanga province, South Africa (Fig. 2 savifraga (Matthews 2016). The grassland habitat has a low basal cover due to grazing and during 105 the rainy season the grass phytomass averages around 3-4 tons per hectare (de Wet 2016). The 106 grass and wetland habitat occurs mostly within the transition zones or dry floodplains not typical 107 of either wetland habitat or grassland habitat. These areas have a medium cover, and include some 108 species typical of wetlands. The wetland habitat is dominated by species indicative of wetland 109 zones and moist soils (Linström 2012). The phytomass here can be in excess of 5 tonnes per 110 hectare, and the growth is up to 1.5 meters above the ground level. The disturbed habitat is 111 dominated by weedy forbs with medium to very high density. The impact of the weedy forbs is a 6 thicket of basal cover on the surface and up to 1.5 meters above ground level. 113 114 115
Fig. 2. Map showing the locations of camera traps and live traps at the Secunda Synfuels 116
Operations plant in South Africa. The size of points representing camera traps and live traps 117 diameter is proportional to the number of individual serval captured. Major habitat types are also 118 shown, along with satellite images illustrating the human-modified landscapes. Wetland and Grass 119 & wetland habitat types are difficult to visualise at this scale as they occur in very close proximity 120 to rivers. 121
Camera trapping 122
The study was underpinned by a spatially explicit capture-recapture (SECR) framework. For 123 SECR studies it is recommended that the camera trapping polygon be larger than the male home 124 range size of the target species (Tobler and Powell 2013). The largest home range recorded for 125 serval in South Africa (measured using minimum convex polygon) was 31.5 km² (Bowland 1990) . 126
We first subdivided the study area in 34 grid cells measuring 1.2 km x 1.2 km (roughly equivalent 127 to the size of smallest recorded serval home range (Ramesh and Downs 2015)). We then 128 established an array of Reconyx Hyperfire HC600 camera traps at 34 camera trap stations (one in 129 each grid cell) over an area of 79.4 km² throughout the study site ( Fig. 2) . Mean spacing between 130 camera traps was 1.2 km, and we placed camera traps on game trails and roads to maximise the 131 probability of photographing servals, and to facilitate access for camera maintenance. We mounted 132 camera traps on fence posts, 50 cm above the ground and 1 to 2 m from the trail. Vegetation in 133 front of the camera traps was cleared to reduce false triggers. 134
We conducted three surveys from 2014 to 2015, with each survey running for 40 days (see Table  135 1 for dates). Camera traps were programmed to operate 24 hours per day, with a one minute delay 136 between detections. We regarded each 24 hours as an independent sample. Camera trap positions 137 were kept constant within each survey and between surveys. We visited each camera trap on a 138 weekly basis to download the images, change batteries, and ensure the cameras remained in 139 working order. Camera Base 1.4 (Tobler 2010) was used to catalogued the camera trap images. 140
Since one of the assumptions of SECR models is that individuals are correctly identified, three 141 authors (DL, WM, KE) identified individual serval in triplicate using distinct individual markings 142 such as spot patterns and scars. 143
Live trapping 144
Live trapping formed part of a larger study investigating serval spatial and disease ecology. Due 145 to low recapture success we did use these data to estimate densities. Rather, we used the live 146 trapping data to estimate the capture rate and population structure of the serval population to 147 validate our camera trapping study. Serval were trapped using 16 steel trap cages measuring 200 148 cm x 80 cm x 80 cm, deployed at 29 trap sites throughout the study site. Traps were baited with 149 dead helmeted guineafowl (Numida meleagris) for a total of 287 trap nights between 2014 and 150 ketamine (5.0 mg kg -1 ), butorphanol (0.2 mg kg -1 ), and medetomidine (0.08 mg kg -1 ); 2) KBM-8: 153 ketamine (8.0 mg kg -1 ), butorphanol (0.2 mg kg -1 ), and medetomidine (0.08 mg kg -1 ); 3) ZM: 154 zoletil (5.0 mg kg -1 ) and medetomidine (0.065 mg kg -1 ); 4) AM: alfaxalone (0.5 mg kg -1 ) and 155 medetomidine (0.05 mg kg -1 ); or 5) ABM: alfaxalone (2.0 mg kg -1 ), butorphanol (0.2 mg kg -1 ), 156 and medetomidine (0.08 mg kg -1 ). Drugs were administered intramuscularly using a blowpipe. If 157 serval showed signs of inadequate drug dosages, they were topped-up with the same combinations. 158
Where administered, medetomidine and butorphanol were pharmacologically antagonised with 159 atipamezole (5 mg mg -1 medetomidine) and naltrexone (2 mg mg -1 butorphanol), respectively. 160
After examination, animals were released at the same site where they were captured. 161
Animals with a mass of 3-8 kg were considered to be juveniles (up to approximately six months 162 old, to the stage where the canines are developed). Servals with a mass of 8-11 kg were categorised 163 as sub-adults (6-12 months old, just before they are sexually mature). Animals 11-15 kg 164 (approximately 12 to 18 months and older) were considered to be adults (Sunquist and Sunquist 165 2002). 166
Data analysis 167
We estimated serval density by fitting likelihood based SECR (Efford 2004) models to camera 168 trap data using the package secr (Efford 2017) in R version 3.4.3 (R Development Core Team 169 2017). The advantage of SECR models over traditional density estimation methods is that they do 170 not require the use of subjective effective trapping areas, and instead estimate density directly 171 (Tobler and Powell 2013). This is achieved by estimating the potential animal activity centres in a 172 predefined area using spatial location data from the camera traps (Efford 2004). The spacing of 173 the activity centres is related to the home range size of the animals, and as such the detection 174 probability of each animal is a function of the distance from the camera trap to the activity centre. 175
A key assumption of SECR models is that such activity centres are stationary for the period of 176 study (closed population; Royle et al. 2015). Since serval are long lived animals exhibiting 177 territoriality and we had relatively short survey period we believe that our study did not violate 178 this assumption (van Aarde et al. 1986, Geertsema 1985). parameters; the encounter rate at the activity centre (detection probability; " ) and a scale parameter 181 ( ) which describes how the encounter rate declines with increased distance from the activity 182 centre (Efford 2004). We tested for three different spatial detection functions since these might 183 better model the utilisation distribution of the home range: half-normal, hazard and exponential. 184
We ranked models based on Akaike information criterion corrected for small sample sizes (AICc), 185 and found overwhelming support for the hazard rate spatial detection function (Table S3 ). All 186 subsequent models were fitted with the hazard rate detection function. 187
We fitted SECR models by maximising the full likelihood where the scale parameter was kept 188 constant, but we let the encounter rate vary by biologically plausible hypotheses to deal with 189 heterogeneity in detection. The scale parameter is largely affected by home range size, and hence 190 the sex of the animal (Sollmann et al. 2011/3). However, we were unable to determine the sex of 191 individual serval from the photographs, and could therefore not model variation in the scale 192 parameter due to sex. We first fitted a model in which we allowed the scale parameter to vary by 193
year and season. This is because we expected that movement might be constrained in the wet 194 season due to increased food resources (Courbin et al. 2013). We then fitted a model in which 195 serval showed a behavioural response at " , as animals can become trap happy or trap shy (Wegge 196 et al. 2004 ). Thirdly, we tested the effect of habitat on " , as serval prefer wetlands (Bowland 197 1990 ), which would result in higher detections in these habitats. We captured camera-specific 198 habitat variables from the vegetation classification. Fourth, we coded each year and season as a 199 separate session, and used the multi-session framework in secr to test the effect of season on serval 200 density, with constant " . We lastly fitted a model in which " varied with both season and habitat 201 type. These models were contrasted against a null model, in which all variables were kept constant. 202
We used AICc to rank models, considering models with ΔAICc < 2 to have equal support. We 203 applied model averaging to the top models with equal support to reduce uncertainty (Burnham and 204
Anderson 2004). The buffer width for analysis was set at 3,000 m, which resulted in the inclusion 205 of an informal housing settlement and a residential area in the state space buffer. Since it is highly 206 unlikely that serval will utilise these areas (as well as the primary industrial area), we excluded 207 these areas (constituting approximately 25% of the area of the buffer) from the state space buffer 208 During a camera trapping effort of 3,590 trap days, we photographed a total 61 unique servals 213 spanning three separate sessions (Table 1 ). The number of individual serval captures did not differ 214 greatly between sessions, although the highest number was captured during the wet season of 2015 215 (Table 1, Fig. S2 ). 216
The two most parsimonious SECR models (ΔAICc < 2) both indicated that the encounter rate ( " ) 217 was affected by habitat type (Table S3 ). While there was some support for serval density being 218 session dependant (ΔAICc = 0.098; AICc w = 0.487; Table S3 ), there was also support for no 219 effect of session (AICc w = 0.471, Table S3 ). To estimate serval density we therefore averaged the 220 two most parsimonious models (ΔAICc < 2). Serval population density estimates at the study site 221 varied from 76.20 (SE=22.22) to 101.21 (SE=20.66) animals per 100 km² ( Fig. 3a 
Live trapping 242
We captured 65 individuals, of which four were also recaptured on a second occasion. This 243 comprised of a total of 26 adult males, 19 adult females, 11 sub-adults, and seven juvenile animals. 244
This resulted in a mean trapping success rate of 0.21 captures per trap night (excluding recaptures). 245
Trapping success rate varied little between sessions (Fig. 4) . While we aimed to apply robust modelling, we address some caveats form our dataset. First, we 316
were not able to include sex as a covariate in the SECR models, which could affect the density were not placed at random in relation to activity centres. However, maximising the detection of 326 individuals in order to obtain adequate samples outweighs the potential bias caused by biased trap 327 placement (Tobler and Powell 2013). Finally, there might be concern regarding population closure 328 since our trapping period spanned 40 days and we had a high percentage of single detections. We 329 highlight that SECR models appear to be robust against transience ( Servals occur at much greater densities at Secunda than have been recorded elsewhere. Capture 372 rates on both camera traps and live traps were remarkably high. High densities may be due to 373 favourable conditions such as a high abundance of rodent prey and the absence of persecution or 374 competitor species. Despite the highly industrialised nature of the site, serval population structure 375 appears to be similar to other natural sites. We suggest that the potential value of industrial sites, 376
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